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Nuclear effects in quarkonium production in p-A collisions

Several “cold nuclear matter effects” can modify the production of quarkonia
in p-nucleus collisions with respect to pp collisions. In particular, we expect:

initial-state effects:

- nuclear modifications to the PDFs
- initial-state energy loss of incident partons absorption

= exp{ Y L Gabs}

final-state effects:
- break-up of formed or pre-resonant charmonia
(different for each charmonium state)

p-beam

To understand these effects we need to study several data sets, collected in different
kinematical domains, at different energies, with several nuclear targets, etc.

And we need to consider the v’ and y. measurements, together with the J/y results;
around 1/3 of the J/y yield is due to decays of v’ and y. mesons



Nuclear effects on the Parton Distribution Functions

At x values ~ 0.1-0.4 (SPS), there is gluon

anti-shadowing (EKS98); the J/y prod.

cross section per nucleon increases from
pp to p-Pb (before final state absorption)

=4.4- gluon density function in Pb

1 gluon density function in p
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= The NASO measurements

are equally well described using
O s = 6.9 mb (with EKS98) or

= 4.6 mb (with “free protons”)
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JIy o, versus xc : the importance of the N-PDFs
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* The nuclear effects on the PDFs are a function of Bjorken-x

= energy and X (or rapidity) dependent
* At xr < 0.2 : strong anti-shadowing in EKS98 and EPS08 :

= In the absence of other effects, the E866 W/Be ratio should be higher than unity
 The nuclear modifications of the PDFs significantly change the x- dependence of 6,



Jy o, versus rapidity and collision energy

The nuclear dependence of the J/\y production cross section was studied by several
experiments, probing different collision energies and J/y kinematics

The E866 and HERA-B patterns define the Cabs at ycms=0 decreases
shape of the rapidity dependence of 6, with NN collision energy
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What can we learn from the new NA60 data?

NAG60O collected p-A data at 400 and 158 GeV
with 7 targets: Be, Al, Cu, In, W, Pb and U
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Extrapolation to y-,s=0 at

158 GeV gives a 6, of:
9.0+£0.9 mb with power-law
8.7£0.6 mb with exponential

Let's compare to the new
NAG60 data, shown at QM09

The 400 GeV data points are
perfectly compatible with the
previously established trend

The first 158 GeV point sits
on the expected curve but
the others are much higher

Do we see a departure from
the absorption pattern?
What about other nuclear
matter effects?



The forward x¢ region is visibly different
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E866 shows that at
forward x¢ other
effects play a role

NA3 also shows
much larger o, at
forward x

NAG60-400 (at x-~0)
is compatible with
absorption only...

while the (forward)
158 GeV data
seem to follow the
E866 trend



What can we learn from the PHENIX data?
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At QM09 three Rp values
were shown from the d-Au
data of Run-8:

d—N [0—-20,20-40,40—-60%]
dy
RCP -

N 60—88%]

dy

From a combined fit to the
three R.p values, one G,
value was extracted for each
bin in rapidity.



Rapidity differential o, from PHENIX

Also the PHENIX measurements

187 show that 6, depends on
16-] EKs98 rapidity.
14—: @ PHENIXsys  +50-4.1mb H
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A. Frawley @ ECT*, Trento, May 2009 rapidity



New baseline for Au-Au
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The puzzling stronger suppression of the forward Au-Au data disappears if we

account for the rapidity dependence of o

Puzzles often disappear when references are improved...
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O s from PHENIX vs. other mid-rapidity values
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Global comparison of all data sets vs. y,,..
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The broad rapidity coverage of the PHENIX data should considerably help in
discriminating the different cold nuclear matter effects, by comparing data sets as
a function of several kinematical variables



Global comparison of all data sets vs. y,,,
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Different effects should depend on different kinematical variables
The PHENIX errors will improve in the near future (using the Ry, ratio)
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A first and simple look at parton energy loss (work in progress)

The beam partons may lose energy traversing the nucleus, before J/y creation.
For now, we model this effect in a very simple way, assuming a constant relative
loss of energy in each of the “collisions” taking place before the one where the

quarkonium is produced: E;' = E (1 —89)('\‘00”—1)
The energy loss per NN collision is different for gluons and quarks: €q and €q
We start by assuming that €q = 4/9 Eq but then we release this condition

The decreased energy leads to changes in the calculated x J/\y distribution

Opu — Z .‘- Tde dx,dx, f/ (xl,Qz)' fjA (xz,Qz)' G@'j( 2am295)

j=gg,qq  m=2mg

Smaller than in the pp case

Note: the average number of NN collisions is obtained with the Glauber model
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Effect of parton energy loss in the x distribution

The p-A x¢ distributions are shifted
to the backward hemisphere:

Xg = Xq — Xy < Xg
and the production yield decreases
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E866, 800 GeV, W / Be and Fe / Be ratios

g = 4% and €q = 4/9 €q give a good description of the 0.2 < xg < 0.5 window
The more forward x¢ region is not very well described...
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dN/dx,

The xg > 0.5 region is dominated by

The very forward region
] —— quark-antiquark annihilation
w07 TN gg fusion
N qd annihilation — we can tune €q from that region
__________________ €q = 2.5% (instead of 1.8%) describes
107 well the broad 0.2<x-<0.7 window
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There are a few more p-A and 7t-A data sets

T S —
i i i
u.a__'f LI M_'l}*i!ii:
1 ]
0.6 0.6 "E ;
- Y ; :
0.4-] i " 0.4- ' .
“1 NA3TT-Pt/H 280 GeV “1 NA3 m-Pt/H 150 GeV
0.2 0.2
ﬂ'_' LI L L L I B |]|_....|....|....|....|....|....|....|....|.
1] 0.6 0.7 0.8 1] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
B XF X
0.8 And others (NA60, PHENIX, etc),
] ; besides measurements on open charm
0.6 4 + and Drell-Yan dimuons
0.4—_ %
E537 t-W / Be 125 GeV l
0.2—:
u_' LI L L B I
H 0.6 0.7 0.8

18



J/hy feed-down contributions: from ' decays

) f )
The fraction of J/\y events resulting from ' decays R(y’) = s fom
ALL Jly's
- _ oY) Bly-w)
is obtained from the measurements of pP(Y’) 6o (J/w) By — )

The “pp” value RO(y’) is obtained from the p-nucleus data assuming an exponential

absorption model:
y' 78
o . ~AG 4 p L(A)
J/y B J/y €
O O
p—4 pp

We define the difference of absorptions cross sections as Ac,,, = 6,,(V') — O4ps(J/W)
where the J/y term does not include the y’ contribution

We extract R%(y’) and Ao, from a global fit of two data sets:
* NASO: production cross sections in 6 target nuclei, at 400 and 450 GeV
e E866: comparing p-W to p-Be, at 800 GeV

P. Faccioli C. Lourenco, J. Seixas

and H.K. Wohri, JHEP 10 (08) 4
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pv),, / POV,

J/hy feed-down contributions: from ' decays
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The (Glauber) model used does not
reproduce the H and D data points

Are H and D nuclei not large enough
to be traversed by fully formed states?
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J/y feed-down contributions: from y . decays
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A simple global average of all data points gives a very bad fit quality: P(x?) < 1%

What if we concentrate on the mid-rapidity region and allow the J/y and y. to have
different absorption cross sections?
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The quality of the data description improves
very much: P(y?) = 25%

The “pp” feed-down fraction becomes
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nuclear matter breaks the y.
more easily than the J/y
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Feed-down contributions versus transverse momentum

| BR(J /'y — pyp)
-

R(W') = (4.53+0.13) p(y’)

p(y’) from fit to low energy data ?

At CDF energies (~ 2 TeV) the

J/y feed-down fraction from y’
decays increases with p; ...

... While the feed-down

fraction from . decays
seems to decrease with py

BR(y — J/yX )]p(v/)

raction

arXiv:0905.1982

Khoze et al
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Summary

» There are several different “cold nuclear matter effects” affecting quarkonium

production in proton-nucleus collisions

» Our best chance to disentangle them is to perform a global study of many sets of

nuclear dependent measurements, including J/y, y’ and ). mesons, but also open

charm and Drell-Yan, as a function of kinematics, collision energy, etc

» Once we have a more complete model, incorporating initial state parton energy
loss, formation time effects, final state break-up, etc., we can derive “expected”
absorption patterns for light-ion collisions, and calibrate the extrapolation from p-A

to A-A, before addressing the more difficult, and more exciting, heavy-ion results
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Some J/y data we have considered S NAS .
B x ¢'/% / A [nb/nucleon] op e T/ ratio
0.0 /0.1 1.27+0.07
NA50-400  NAB50-450 “LI”  NAS50-450 “HI 01702 140+ 0.06
Be 4.717+0.10  52740.23 5.1140.18 0.2 /0.3 1.34+0.07
Al 44174010  5.14+0.21 4.88 +0.23 0.3/04 1.36+0.12
Cu 4.280+0.09  4.97+0.22 4.7440.18 0.4 /05 1754022
Ag  3.994+0.09  4.5240.20 4.45+0.15 0.5 /0.6 2.62=+0.52
W 3.791+£0.08  4.17+0.37 4.05+0.15 0.6 /0.7 3.58+1381
Pb  3.715£0.08 HERA-B
T range (rp) W / C ratio
ERG6 —0.34 /—0.26 —0.285 1.105 £ 0.158
Tp TADge (zp) W /Be ratio | 026 /—0.22 —0.237  1.034 40.096
—0.22 /—0.18 —0.197 1.090 4+ 0.063
—0.10 / —0.05 —0.0652 0.8929 £+ 0.0184 | _¢.18 /—0.14 —0.158 1.043 +0.042
—~0.05 / 0.00 —0.0188 0.8682 4 0.0084 | —0.14 /—0.10 —0.118 0.986 =+ 0.030
0.00 /+0.05 +0.0269 0.8720 £ 0.0060 | —0.10 /—=0.06 —0.079  0.943 + 0.022
+0.05 /40.10  +0.0747 0.8739 4 0.0057 | ~0-06 /=0.02° =0.040 0.915 £ 0.021
+0.10 /40.15  40.1235  0.8652 4+ 0.0067 | 02/ F0:02 =0.0020.916 £ 0.025
_ ; T o +0.02 /4+0.06  40.037 0.902 £ 0.036
+0.15 /+0'20 +0.1729  0.8725 = U.UlOOI +0.06 /+0.14 +0.075 0.866 + 0.063
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Jly o, for each kinematical window and nPDF set

Exp. Iy Jfﬁi [mb]
NONE nDS nDSg EKS08 EPS0S
NA3 0.05 3.77+£0.98 3.94+£099 427+1.00 579+£1.07 7.00+£1.12
0.15 5354088 5464088 5854080 73840095 815+098 Errorsinclude
0.25 4.66+0.98 46340098 5.01+099 6184104 6.38+1.05 the global
035 4.96%% 471t 5.07F15 581118 5621 0% | systematic
NAS0-400 41834063 |474£062 4732062 (7012070 | 798 £0.74 UNCErtainties
450-LI 151 £158 4304158 4394158 689176 793+183 Of the ratios:
450-HI 4824110 4714109 4714£109 7.174+122 8214128
_ == - . ; 2 : 3% in NA3
E866 —0.0652 2371058 2394088 Joi+om 467 oRE 6.06705° 0"
heh —CI."ETEI et L ; “—D.zl " —0.7T6 " —0.79 o/ :
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401720 2897pE FEmApE  fdsThE saarSlhy 1ot
HERA-B —0.158 . : - Or3riE  gogtisd
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Initial state energy loss: E866

EKS98 E866 800 GeV, Fe/Be
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